Total body water was determined in vivo by tritium dilution in thirty-two male and female rats. Body water obtained by tritium dilution and body fat calculated from this value correlated significantly with body water and fat obtained by analysis (r 0.985,0855 respectively). There was no significant difference between values for fat assessed by the direct and indirect methods. rat carcasses were frozen at -20' for later determination of carcass composition.
The measurement of body composition is of fundamental importance to many nutritional and physiological studies and has generally relied on direct carcass analysis. This technique however, is arduous, lengthy and requires the slaughtering of animals and, although several methods of determining body composition in vivo have been developed in man, few have been employed to any great extent in laboratory animals. Tritium dilution, for example, has been shown to produce a reliable estimate of body water in the rat (Foy & Schnieden, 1960) but no attempt has been made to use this technique to predict body fat content. The purpose of the present study was therefore to test the reliability of the tritium method for estimating body composition and carcass energy content in vivo in the rat.
E X P E R I M E N T A L
Sixteen male and sixteen female Sprague-Dawley rats weighing between 150 and 360g were used in this study. These animals were maintained on a standard rat diet (Oxoid; Christopher Hill Group Ltd) and were fed normally until the morning of the experiment. At 09.00 hours all animals were injected with ditritium oxide (10 pCi in I ml sterile saline (9 g sodium chloride/l) injected intraperitoneally) and, after a 2 h equilibration period, were killed by cervical dislocation. A rapid blood sample (1.0 ml) was taken into a heparinized syringe by cardiac puncture, and then centrifuged. Three 100 pl samples of plasma were taken and the tritium content of plasma was estimated by liquid scintillation counting in a Packard Tri-Carb counter using 10 ml Instagel (Packard Instrument Ltd) as scintillant.
The specific activity of plasma water was calculated using a value of 93.7 % for the water content of plasma; this value was obtained from the literature and also verified experimentally. A sample of the injected dose of tritiated water was also counted in triplicate, and total body water calculated from the specific activity ratio, dose: plasma water. The Table I 
(w)
filtered through PS paper. The two filtrates were combined, made up to roo ml with chloroform, and 20 ml samples were dried to constant weight for gravimetric determination of fat. Energy content. Duplicate I g samples of dry carcass were weighed into bomb crucibles, and the energy density was determined by ballistic bomb calorimetry (Miller & Payne, 1959) , using sucrose as the thermochemical standard.
Statistical analysis. All values given are means with their standard errors. Statistical differences were assessed using the Student's t test for matched values, and correlations were obtained using the method of least squares. All probabilities given are two-tailed.
R E S U L T S
The mean value for total body water obtained by the tritium dilution method was approximately 4 % greater than that obtained by dessication in both males and females (Table I) .
Although these values differ significantly, the two methods correlate well (r 0.987, P < O.OOOOI), indicating that the over-estimate of the tritium dilution method is constant over the range of body-weights tested. Thus, body water determined by tritium dilution can be corrected for this over-estimate using the equations shown in Table I .
The water content of fat-free mass (W % FFM) was determined from the analytical values for total body water and fat-free carcass, and was found to differ significantly between males (73.07 i-0.26 %) and females (72.28 5 0.26 %, P < 0.05, n = 16). Using these values, body fat content was calculated from the corrected values for body water determined by tritium dilution as follows:
body water (%) Body fat (%) = 100 I -
( W % F F M
The mean value for body fat calculated in this way was not significantly different from that obtained by direct analysis (Table 2 ) and the two methods of estimating fat content were significantly correlated for males and females. The mean carcass energy content of all animals was 2040 & 1320 KJ and a significant correlation was found to exist between carcass energy content and body fat estimated from the tritium dilution method using the previously-mentioned equation, (r 0.83; carcass energy (kJ) = 59.8 body fat (g) -+ 420.2; P < o*ooor, n 32).
DISCUSSION
The results of this study demonstrate that the tritium dilution method produces a reliable estimate of body water content in the rat. The over-estimate of this technique agrees with that reported by Elkinton & Danowski (1955) , and Foy & Schnieden (1960) and is probably due to proton exchange between tritium and hydrogen other than that present in water. However, the error of the tritium method is constant over a wide range of body-weights and can therefore be corrected using the equations shown in Table I (Hatai, 1917; Light et al. 1934; Ashworth & Cowgill, 1938 ; Mendez & Kollias, r977), but in all these papers values for both sexes were combined, whereas in the present study a significant difference between the W %FFM of males and females was observed. The W %FFM was apparently unaffected by age or fat content since the correlation between W %FFM and body-weight or body fat showed a gradient of zero. Mendez & Kollias (1977) have also shown that the composition of fat-free mass is largely unaffected by most dietary and experimental conditions. Body fat calculated from the tritium estimate of body water correlated well with the value obtained by direct analysis and mean values were not significantly different.
The tritium method of determining body composition offers several advantages over direct analysis. This technique can be carried out in vivo on conscious animals, and injection of tritium and subsequent blood sampling from the tail involves little trauma. This is particularly advantageous when serial measurements of body composition are required since direct measurements involve killing a sample of experimental animals selected, usually, on the basis of body-weight. This involves large numbers of animals and relies on the assumption that animals of the same body-weight have the same composition; a supposition which may not necessarily hold true for adult rats. In the present study, for example, no correlation was found to exist between body-weight and body energy content in rats over 250 g (r 0.49, not significant, n 16) . The tritium method is rapid and allows a large number of determinations to be carried out daily, and therefore compares favourably with the arduous and time-consuming nature of direct analysis. Tritium can be assayed accurately by scintillation counting and is a relatively safe isotope which can be used in small doses. Some workers have used as much as roo mCi tritium/rat (Tisavipat et al. 1974) , whereas in fact a dose of 10 pCi is sufficient to produce a minimum of 1000 disintegrations/min per roo pl plasma in adult rats of up to 350 g body-weight.
The tritium dilution technique therefore offers a rapid and accurate method of estimating body composition in the rat during the course of an experiment, and thereby avoids the assumptions and expense of the comparative carcass technique.
The authors would like to thank Mrs G. S . Davies for her technical assistance.
N U T 41
Downloaded from https://www.cambridge.org/core. IP address: 54.70.40.11, on 05 Feb 2019 at 11:03:03, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19790078
